Introduction {#s0005}
============

The outbreak of COVID-19 -- the global spread of the disease caused by SARS-CoV2 -- took place at the end of 2019 in Wuhan, China [@b0005]. After the infection of more than 120.000 people and the death of almost 5.000, the World Health Organization announced it as a *global controllable pandemic* [@b0010]. In April of 2020, the number of cases exceeded 2 million and the infection was spread over more than 180 countries [@b0015], [@b0020]. Human coronaviruses (HCoVs) were on the origin of not only the current pandemic, but also of the SARS and MERS epidemics, which infected and took the lives of thousands of people [@b0025], [@b0030]. Virologic and genetical studies confirmed that bats have been transmission hosts for both of the viruses, which were further spread by civets and dromedaries [@b0035], [@b0040], [@b0045]. Recent studies suggest that specific types of animals can be the source of different coronaviruses: bats for alpha- and beta-CoVs, avian for gamma- and delta-CoVs, and rodents for the ancestor of the beta-CoVs lineage A [@b0050], [@b0055], [@b0060].

The infection is not exclusive to wild animals and there are many known strains that affect livestock and pets [@b0065]. Symptoms caused by coronaviruses depend on the type of strain; they may include gastrointestinal ailments (diarrhoea, vomiting, anorexia), respiratory ailments (dyspnoea, coughing, wheezing) and others. The animal origin of the novel coronavirus led to a discussion about the possible transmission of the disease by contact with pets. A common fear that raised even more after the confirmation of the SARS-CoV2 in a tiger in the Bronx zoological garden [@b0070]. The World Health Organization faced those concerns stating the lack of evidence on the spreading of the novel coronavirus from pet animals to people [@b0075].

The empirical observations show that the presence of pets may have a positive impact on the course of COVID-19. Anecdotal evidence try to persuade that veterinary doctors are rarely affected with COVID-19. Doctor Sabina Olex-Condor, a Spanish physician in Madrid, suggested in an interview that the mild course is more frequent in patients owning pets (available at: [www.vetnolimits.com](http://www.vetnolimits.com){#ir005}; [www.psy.pl](http://www.psy.pl){#ir010}; [www.plus.gloswielkopolski.pl](http://www.plus.gloswielkopolski.pl){#ir015}). The correlation between pet-ownership and the presence of a mild course of COVID-19 has not been found yet. In our study, we conducted a review of the literature, trying to establish a possible explanation to this observation. We suggest that the re-emerging contact with animal coronaviruses may lead to the stimulation of the immunological system, thus creating an effective response to SARS-CoV-2 infection.

The occurrence of the animal coronavirus in pets {#s0010}
================================================

The possible positive effect of pet-ownership can be considered if the presence of the animal coronaviruses is high across the pet population. Therefore, we studied the papers presenting the occurrence of the animal coronaviruses. In our analysis, we focus on dogs, due to two reasons: 1) they are the most common species taken as home pets [@b0080], 2) canine coronaviruses can be transmitted easily to humans via droplets. Feline coronaviruses are also detected in cats, but their symptoms are mainly related to the gastrointestinal tract or are causative agent of uncommon and usually fatal, aberrant immune response to viral infection, but transmission animal-to-human is highly limited [@b0085].

[Table 1](#t0005){ref-type="table"} shows the detection rate in dogs. According to studies, the detection of canine respiratory coronavirus (CrCoV) is settled from 7.5% to 54.7%. Studies with the most prominent sample (Priestnal et al. 2006 and More et al. 2020) showed detection: 54.7% for North America, 36.0% for the United Kingdom, and 53.0% for New Zealand.Table 1Summary of studies detecting coronaviruses rate in dogs.AuthorNumber of samples (n)Detection rateMethodRegionPriestnal et al. (2006) [@b0090]1000\
82454.7%\
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Data show that the occurrence of CrCoV is high in dogs, which might suggest that humans who possess a pet can have more frequent contact with different types of canine coronaviruses. Since the infected pets may not have symptoms, the contact of owners with pathogens can be unnoticed [@b0155].

Cross-reactivity and immune system mobilization {#s0015}
===============================================

The human immunological system fights different viral infections by three pathways: 1) interferon-mediated, 2) cytotoxic cells-mediated, and 3) antibody-mediated [@b0160]. On the first, interferons provide an effective immunological reaction by the activation of NK-cells and macrophages, repression of viral proteins production, and regulation of antigen presentation to T-cells. On the second path, cytotoxic cells can directly kill the host cells infected by the virus using specific receptors and enzymes, thus stopping further infection [@b0165].

The antibody-mediated ceasing of infection can be executed through different mechanisms: agglutination, phagocytosis or complement system degradation, but all of these are stimulated by the antibody opsonisation [@b0160]. The effectiveness of this process is related to the specificity of the antibody -- the capability of the antibody to discriminate between similar and dissimilar antigens. However, due to *cross-reactivity*, antibodies can respond to other antigen due to the resemblance of its structures [@b0170]. Response to a similar antigen can lead to effective immunological protection as it was executed against the primary target. The cross-reactivity is related to the degree of the resemblance of the primary antigen to the other, for example: neutralizing antibodies against "old" SARS-CoV have moderate binding force to novel coronavirus SARS-CoV-2.

The coronaviruses genome encodes for four structural and sixteen non-structural proteins, approximately [@b0175], [@b0180]. The spike proteins (S-protein) are the structural proteins that recognize and attach to ACE2 located on the cell membrane of the airways epithelia and lung parenchyma. In their study, Tilocca and colleagues sequenced the SARS-CoV-2 aminoacidic sequence and compared it to the sequences derived from the other animal coronaviruses [@b0185]. The analysis showed that the resemblance of the whole sequence between SARS-CoV-2 and Canine Respiratory Coronavirus (CrCoV) is 36.39% (comparing the protein GI QHR63290 to QAY30030). However, further investigation of the epitope sequence shows the high homology: 57.14%, 80.00%, 83.33%, and 100.00% in CrCoV epitopes: 789--799, 754--764, 424--437, and 1139--1152, respectively. Based on the data, we suggest that recurrent contact with animal coronaviruses may lead to immunization. This effect was confirmed by the experimental studies. The investigation conducted by Lu and colleagues, showed that the nucleocapsid protein derived from CrCoV and expressed in *E. coli* displayed antigenic cross-reactivity with antisera against human coronaviruses [@b0190].

Furthermore, Zhao and colleagues propose one more explanation to the protective effect of the contact with zoonotic coronaviruses [@b0195]. Cross-reactivity with T-cells can induce the immunological response. CD4+ memory T-cells on the epithelium of the airways can effectively produce interferon-gamma, which leads to activation of other cells and effective reaction.

Thus, patients owning pets could have a mild course of the SARS-CoV-2 infection, which was observed in Spain. The recurrent contact with pathogens may work as immune-mobilization against SARS-CoV-2 in many different paths.

Conclusions {#s0020}
===========

1.Canine respiratory coronaviruses occur often among dogs.2.Ownership of a pet can lead to the contact with dogs' coronaviruses.3.Re-occurring contact with dogs' coronaviruses might stimulate the human immunological system, and provide an effective response to SARS-COV-2.4.There is a need for further investigation on the correlation between pet ownership and the course of COVID-19. Such data, even obtain retrospectively, are worth to analyse.
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